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$VXUYH\ZDV FDUULHGRXW WRGHWHUPLQH WKHFDXVHVRI ORZYHJHWDEOH SURGXFWLRQ E\ ORRNLQJDW WKH
FKDOOHQJHV IDFHG E\ RUJDQLF EDVHG VPDOOKROGHU IDUPHUV DQG WKH SRWHQWLDO FRSLQJ VWUDWHJLHV
HPSOR\HGDQGWKHLUH[SHULHQFHVFRSLQJDQGDGDSWDWLRQVWUDWHJLHVWRFOLPDWHFKDQJHDQGYDULDELOLW\
&&9 7KH VWXG\¶V REMHFWLYH ZDV WR GHWHUPLQH WKH PDMRU YHJHWDEOHV JURZQPDUNHWDEOH TXDOLW\
DWWULEXWHV FKDOOHQJHV IDFHG DQG FRSLQJ VWUDWHJLHV WR HQKDQFH YHJHWDEOH SURGXFWLRQ DQG
XQGHUVWDQGLQJRI&&90RUHWKDQRUJDQLFEDVHGIDUPHUVIURP.DMLDGR.LDPEXDQG0XUDQJ¶D
FRXQWLHV RI .HQ\DZHUH VHOHFWHG IRU WKH VXUYH\ WKURXJK TXHVWLRQQDLUHV 7KH GDWD FROOHFWHGZDV
DQDO\VHG XVLQJ 6366 7KH FKDOOHQJHV IDFHG LQ SURGXFWLRQ RI WKH NH\ YHJHWDEOHV LQFOXGHG
XQSUHGLFWDEOHUDLQV ODFNRI LUULJDWLRQHTXLSPHQWFURSSHVWVDQGGLVHDVHVDPRQJ







IDUPHUV FRQWHQGHG WKDW WKURXJK WUDLQLQJV DQG H[SRVXUH WKH\ZRXOG EH HPSRZHUHG WR FRSHZLWK
DQGUHYHUVHWKHQHJDWLYHLPSDFWVRI&&9DQGFRQVHTXHQWO\JXDUDQWHHIRRGDQGQXWULWLRQDOVHFXULW\
,QDGGLWLRQ UHVHDUFKHIIRUWVRXJKW WREHGLUHFWHG WRZDUGVVRLODQDO\VLV LUULJDWLRQDQGJUHHQKRXVH




)RUPDO RUJDQLF DJULFXOWXUH LQ .HQ\D GDWHV EDFN
WRWKHHDUO\VZKHQWKHILUVWSLRQHHURUJDQLF
WUDLQLQJLQVWLWXWLRQVZHUHHVWDEOLVKHG>@&HUWLILHG
RUJDQLF IDUPLQJ LQ .HQ\D LV PRVWO\ JHDUHG WR
SURGXFWV GHVWLQHG IRU H[SRUW ZLWK WKH ODUJH
PDMRULW\ EHLQJ H[SRUWHG WR WKH (XURSHZKLFK LV
$IULFD¶V ODUJHVW PDUNHW IRU DJULFXOWXUDO SURGXFH
>@ 7KH SURGXFH ZLWK WKH JUHDWHVW GHPDQG DUH
KRUWLFXOWXUDO FURSV DQG PRVW VSHFLILFDOO\
YHJHWDEOHV &RQVXPHU GHPDQG IRU RUJDQLF
YHJHWDEOHVKDVLQFUHDVHGWUHPHQGRXVO\GXHWRD
QXPEHU RI UHDVRQV VXFK DV IRRG VDIHW\
HQYLURQPHQWDOFRQFHUQVIODYRXUDQGIUHVKQHVVRI
WKHSURGXFHKHDOWKEHQHILWVDQGQXWULWLRQDOYDOXH
>@ 0DQ\ $IULFDQ IDUPHUV PL[ ORQJWHVWHG
WUDGLWLRQDO SUDFWLFHV ZLWK DGDSWDWLRQV RI
FRQYHQWLRQDO WHFKQRORJLHV WKDW VXLW WKHLU IDUPLQJ
V\VWHPV DQG WKHVH W\SHV RI V\VWHPV EOHQG
WKHPVHOYHV ZHOO WR FRQYHUVLRQ WR RUJDQLF
DJULFXOWXUH >@ +RZHYHU QHZ SURFHVVHV DQG
SURGXFWLRQJXLGHOLQHVDUHUHTXLUHGLQPDQ\FDVHV
>@ WR NHHS XS WR WKH VWDQGDUGV RI WKH TXDQWLW\
DQG TXDOLW\ RI SURGXFH UHDFKLQJ WKH PDUNHWV
WKURXJK EHWWHU XQGHUVWDQGLQJ RI LPSDFWV RI
FOLPDWHFKDQJH
7KH LVVXH RI FOLPDWH FKDQJH DQG YDULDELOLW\
&&9LVDFKDOOHQJHWRDJULFXOWXUDOSURGXFWLRQLQ
.HQ\D DV WKH FRXQWU\¶V JURVV GRPHVWLF SURGXFW
*'3 QRUPDOO\ PLUURUV UDLQIDOO SDWWHUQ &OLPDWH
FKDQJH LV WKHUHIRUH D PDMRU LPSHGLPHQW WR
DJULFXOWXUDO SURGXFWLRQ SDUWLFXODUO\ DQG WKXV D
WKUHDW WRDFKLHYLQJPLOOHQQLXPGHYHORSPHQWJRDO
QXPEHU RQH 0'*  RI HUDGLFDWLQJ H[WUHPH
SRYHUW\DQGKXQJHU >@7KHDQWLFLSDWHG LPSDFWV
RI FOLPDWH FKDQJH ZLOO PDQLIHVW LQ WKH IRUP RI
IORRGV VWRUPV SURORQJHG GURXJKWV DQG
LQFUHDVHG DWPRVSKHULF WHPSHUDWXUH >@ 7KH
FRQVHTXHQFHV ZLOO KDYH IDU UHDFKLQJ DGYHUVH
LPSDFWV RQ KXPDQ KHDOWK IRRG VHFXULW\
HFRQRPLF DFWLYLWLHV SK\VLFDO LQIUDVWUXFWXUH
QDWXUDO UHVRXUFHV DQG WKH HQYLURQPHQW >@ 7KH
DGYDQFHPHQW RI UHVHDUFK RQ &&9 DQG LWV
LPSDFWV RQ DJULFXOWXUH KDV SOD\HG D NH\ UROH LQ
GHYHORSPHQWRIERWKWDFWLFDODQGVWUDWHJLFPHDQV
WR EXIIHULQJ WKH LPSDFWV DVVRFLDWHG WR LW
+RZHYHU OHVV HPSKDVLV KDV EHHQ SXW RQ
IDUPHU¶V SHUFHSWLRQ H[SHULHQFH DQG DGDSWDWLRQ
VWUDWHJLHV DV D EDVLV IRU LQIRUPLQJ GHYHORSPHQW
RI VXVWDLQDEOH DSSURDFKHV WRPLQLPL]H WKH ULVNV
LPSRVHG E\ FOLPDWH FKDQJH DQG YDULDELOLW\ >@
HVSHFLDOO\VRRQRUJDQLFIDUPLQJ
7KH RUJDQLF DJULFXOWXUH VHFWRU LQ .HQ\D KDV
WKHUHIRUH PDLQO\ GHYHORSHG ZLWKRXW DQ\ IRUPDO
JRYHUQPHQW SROLF\ VXSSRUW 7KH VHFWRU KDV
FRQVHTXHQWO\ HQFRXQWHUHG D ZLGH UDQJH RI
FKDOOHQJHVGXULQJ WKH ODVW WZRGHFDGHV ,W LV IRU
WKLV SXUSRVH WKDW D VXUYH\ ZDV FDUULHG RXW WR
GHWHUPLQH WKH VSHFLILF TXDOLW\ DWWULEXWHV
FKDOOHQJHVDQGFRSLQJVWUDWHJLHVWKDWWKHIDUPHUV
IDFHDQGILQGSRVVLEOHVROXWLRQVZKLFKZLOOFUHDWH
DQ LQIOX[ LQ SURGXFWLRQ DQG KHQFH FUHDWH IRRG
VHFXULW\WRWKHRUJDQLFFRQVXPHU,QDGGLWLRQWKLV
VWXG\ LQWHQGHG WR DVVHVV IDUPHUV¶ SHUFHSWLRQV
H[SHULHQFHV DQG DGDSWDWLRQ VWUDWHJLHV ZLWK D





7KH VXUYH\ ZDV FDUULHG RXW DURXQG 1DLUREL LQ
FHQWUDO.HQ\DLQWKHFRXQWLHVRI.DMLDGR.LDPEX
DQG 0XUDQJ¶D EHWZHHQ VW DQG WK RI )HEUXDU\
7KHVHDUHDUHDVZKHUHRUJDQLFFXOWLYDWLRQ
RI YHJHWDEOHV LV SUHYDOHQW GXH WR DZDUHQHVV
FUHDWHG WKHUH E\ .HQ\D 2UJDQLF $JULFXOWXUH
1HWZRUN .2$1 .DMLDGR LV FDWHJRUL]HG XQGHU
DJURHFRORJLFDO ]RQH ,9 >@ .LDPEX DQG
0XUDQJ¶D FRXQWLHV DUH FDWHJRUL]HG XQGHU DJUR
HFRORJLFDO ]RQH ,,, >@ 7KH PDLQ HFRQRPLF
DFWLYLWLHV LQ .DMLDGR &RXQW\ DUH SDVWRUDOLVW
OLYHVWRFN KHUGLQJ WRXULVP DJULFXOWXUDO FURSV
YHJHWDEOHV FHUHDOV DQG SXOVHV DQG XUEDQOLIH
DFWLYLWLHV OLNH FDWWOH WUDGLQJ ZKHUHDV LQ .LDPEX
DQG0XUDQJDGDLU\FDWWOHFRIIHHDQGWHDIDUPLQJ
DUHSUHGRPLQDQW >@7KH IRRG FURSSDWWHUQVDUH
1GXNKXHWDO%-$67$UWLFOHQR%-$67

GRPLQDWHG E\ SURGXFWLRQ RI YHJHWDEOHV PDL]H
EHDQV SRWDWRHV LQ DPL[HG LQWHQVLYH FXOWLYDWLRQ
>@
6WXG\$SSURDFK
7KH VWXG\ DUHD KDG  KRXVHKROGV >@
$PRQJ WKHVH  ZHUH OLVWHG LQ .2$1 UHJLVWHU
 DV VPDOOKROGHU RUJDQLF IDUPHUV DOO RI
ZKRPZHUH LQWHUYLHZHGE\ WUDLQHGHQXPHUDWRUV
7KH UHVSRQGHQWVZHUH YLVLWHG RQ WKHLU IDUPV RQ
DSSRLQWPHQW DIWHU VHQVLWL]DWLRQ E\ .2$1 ILHOG
ZRUNHUV$TXHVWLRQQDLUH$SSHQGL[ZDVXVHG
WR JDWKHU LQIRUPDWLRQ RQ NQRZOHGJH LH
FKDOOHQJHV FDXVHV DQG HIIHFWV RI &&9 DQG
DGDSWDWLRQ VWUDWHJLHV LH FKDQJH FURSSLQJ
V\VWHPVLQWURGXFWLRQRIQHZWHFKQRORJLHV
4XHVWLRQQDLUHDGPLQLVWUDWLRQ
7R HQVXUH WKDW WKH TXHVWLRQQDLUH DFFXUDWHO\
FDSWXUHG WKH LQWHQGHG LQIRUPDWLRQ LW ZDV
VXEMHFWHG WR UHYLHZE\ H[SHUWV VXSHUYLVRUVDQG
SHHUV 7KH TXHVWLRQQDLUHV ZHUH SUHWHVWHG E\
LQWHUYLHZLQJ WZHQW\  RUJDQLF IDUPHUV RQ WKH
ILUVWGD\7KHFRQWHQWDQGFODULW\RITXHVWLRQVRI
WKHTXHVWLRQQDLUHVZHUHFKHFNHGDQGQHFHVVDU\
FRUUHFWLRQV HIIHFWHG (DFK RI WKH ILYH
HQXPHUDWRUVZDV DVVLJQHG DQ DYHUDJH RI WKUHH
IDUPHUVDGD\
'DWD$QDO\VLV
7KH FROOHFWHG GDWD ZDV HQWHUHG LQWR D
VSUHDGVKHHW DQG DQDO\]HG XVLQJ 6WDWLVWLFDO
3DFNDJH IRU WKH 6RFLDO 6FLHQFHV 6366 IRU





7KH PDMRULW\  RI WKH IDUPHUV SUDFWLFLQJ
RUJDQLF IDUPLQJ ZHUH IHPDOHV FRPSDUHG WR
PDOHV7DEOH7KLVPD\EHDWWULEXWHGWR
WKH IDFW WKDW ZRPHQ DUH EHLQJ HPSRZHUHG E\
JRYHUQPHQWDQGQRQJRYHUQPHQWDORUJDQLVDWLRQV
WR HQJDJH LQ HQWHUSULVHV VXFK DV RUJDQLF
IDUPLQJWRHQKDQFHWKHLUHFRQRPLFZHOOEHLQJ
:RPHQZHUHIRXQGWREHRUJDQL]HGLQWRVHOIKHOS
JURXSV DQG UHFHLYHG IXQGLQJ IURP JRYHUQPHQW
DQG QRQJRYHUQPHQWDO SURJUDPPHV 7KXV PRVW
ZRPHQ PDNH WKHLU RZQ GHFLVLRQV RQ VDIH
IDUPLQJ SUDFWLFHV KHDOWK\ DQG SURGXFWLYLW\ IRU
WKHLU IDPLOLHV 7KHVH ILQGLQJV FRUURERUDWH WKRVH
RI )RHNHQ DQG 2ZXRU >@ ZKR IRXQG WKDW WKH
PDMRULW\ RI XUEDQ IDUPHUV DUHZRPHQ ,Q .HQ\D
RYHU  SHU FHQW RI DJULFXOWXUDO DFWLYLWLHV DUH
XQGHUWDNHQ E\ ZRPHQ HVSHFLDOO\ LQ WKH VPDOO
VFDOHSURGXFHU VHFWRU6LPLODUO\*UROLQN >@DQG
7D\ORU >@ IRXQG WKDW RQ D VPDOO VFDOHZRPHQ
PDLQO\ XQGHUWDNH WKH SURGXFWLRQ VRPHWLPHV
SULPDU\SURFHVVLQJDQGWKHPDUNHWLQJRIRUJDQLF
SURGXFHSURGXFWV DW WKH QDWLRQDO OHYHO
6PDOOKROGHUPDQDJHPHQW LV LQODUJHSDUW LQWKH
KDQGV RIPHQZKLOH D JUHDW GHDO RI WKH IDUPLQJ
ZRUN LVH[HFXWHGE\ZRPHQ*UROLQN>@DUJXHV
WKDWGXHWRWKHVHLQHTXLWLHVVRFLDODQGHFRQRPLF
GHYHORSPHQW LQ 7DQ]DQLD KDV EHHQ DQG
FRQWLQXHV WR EH XQHYHQ ,Q .HQ\D WKH
SRVVLELOLWLHV RIIHUHG E\ RUJDQLF IDUPLQJ DUH
SDUWLFXODUO\ DSSHDOLQJ WR ZRPHQ 7KH\ RIIHU WKH
SRVVLELOLW\ RI VXFFHVVIXOO\ VHFXULQJ IRRG IRU WKH
IDPLO\ ZLWKRXW KDYLQJ WR GHSHQG RQ FDVK RU
SRWHQWLDOO\ GDQJHURXV FKHPLFDO SURGXFWV
DFFRUGLQJ WR &KDYDV HW DO >@ $V D UHVXOW
RUJDQLF DJULFXOWXUH KDV EHJXQ WR GHYHORS LQ
GHQVHO\ SRSXODWHG DUHDV RQ VPDOO KROGLQJV






























:RPHQ LQ WKHUHJLRQDUH LQJHQHUDOPRUHSURQH
WR SRYHUW\ DQG XQHPSOR\PHQW /LNHZLVH
'DUQKRIHU HW DO >@ UHSRUWHG WKDW RUJDQLF
DJULFXOWXUH SURMHFWV DQG RWKHUV LQ WKH UHJLRQ
DGRSW D SROLF\ RI SURPRWLQJ ZRPHQ DQG
HPSOR\LQJ WKHP LQ YDULRXV RSHUDWLRQV $OPRVW
 SHU FHQW RI FDVXDO ODERXUHUV LQ YDULRXV
1GXNKXHWDO%-$67$UWLFOHQR%-$67

SURFHVVLQJ RSHUDWLRQV DUH ZRPHQ 7KLV VWDQFH
KDV WUHPHQGRXV LPSDFW RQ WKH VRFLDO VWDWXV RI
ZRPHQLQFRPPXQLWLHVDQGLVDQDGGHGLQSXWIRU
WKH SRYHUW\ UHGXFWLRQ SROLF\ RI WKH UHJLRQZKLFK
FDQ LPSURYH IDPLO\ OLYHOLKRRGV DFFRUGLQJ WR
7D\ORU>@8JDQGDKDVRYHUKRXVHKROGV
FHUWLILHG DV RUJDQLF WKH PDMRULW\ RI ZKLFK KDYH
RUJDQLF FDVK FURSV DV WKHLU PDMRU VRXUFH RI
LQFRPH ,Q WKLV UHJDUG FRPPHUFLDO RUJDQLF
DJULFXOWXUH FDQ EH VHHQ DV DQ LPSRUWDQW VRXUFH
RI HPSOR\PHQW DQG DQ HPSOR\PHQW RSSRUWXQLW\
HVSHFLDOO\IRUZRPHQ>@
,Q $UJHQWLQD D PRGHO RI RUJDQLF RUFKDUGV
KDVEHHQH[SHULPHQWHG WRSURPRWHHPSOR\PHQW
DQG IRRG VHOIVXIILFLHQF\ HVSHFLDOO\ IRU ZRPHQ
VLQFHWKHEHJLQQLQJRI WKHV$Q1*2SUR
+XHUWD ZLWK LQVWLWXWLRQDO VXSSRUW RI WKH
6HFUHWDULDW IRU 6RFLDO 'HYHORSPHQW DQG RWKHU
*RYHUQPHQW DJHQFLHV VRXJKW DOWHUQDWLYHV WR
LPSURYH WKH QXWULWLRQDO VWDWXV ERWK
TXDOLW\ DQG YDULHW\ RI IRRG RI UXUDO DQG XUEDQ
SRSXODWLRQV DQG WR FUHDWH HPSOR\PHQW
RSSRUWXQLWLHV 7KLV SURMHFW EHQHILWHG E\ 
QHDUO\ WZR PLOOLRQ LQGLYLGXDOV QDPHO\
XQHPSOR\HG LQGLJHQRXV DQG IRRGLQVHFXUH
SHUVRQV VXFKDV IHPDOHKHDGHG IDPLOLHV HOGHUV
DQGXQGHUDJHGDFFRUGLQJWR6FLDODEED>@7KH
LQLWLDWLYH SURPRWHG VPDOOVFDOH IRRG SURGXFWLRQ
E\ SURYLGLQJ FDSDFLW\EXLOGLQJ WHFKQLFDO
DVVLVWDQFH GHYHORSPHQW DQG YDOLGDWLRQ RI
DOWHUQDWLYH WHFKQRORJLHV LQWHULQVWLWXWLRQDO
FRRUGLQDWLRQDQGSURYLVLRQRIFULWLFDO LQSXWV>@
,Q &RVWD 5LFD KHDOWK PRWLYDWLRQV OHG WR WKH
IRUPDWLRQ RI VPDOOIDUPHU JURXSV WR SURGXFH
RUJDQLF YHJHWDEOHV ZKLFK KDYH EHHQ
VXFFHVVIXOO\PDUNHWHGQDWLRQDOO\RYHUWKHODVWWHQ
\HDUV $JURFKHPLFDO SULFH LQFUHDVH VRLO
H[KDXVWLRQ KHDOWK KD]DUGV DQG JURZLQJ
DOWHUQDWLYH PDUNHWV PRWLYDWHG SURGXFHUV WR
FRQYHUW WR RUJDQLF SURGXFWLRQ >@ $ VWXG\ E\
6DLWR HW DO >@ FRQFOXGHG WKDW LQ PRVW SDUWV
RI $IULFD ZRPHQ KDYH WUDGLWLRQDOO\ EHHQ
UHVSRQVLEOH IRU KRXVHKROG IRRG SURYLVLRQ DQG
IDUPLQJ LV UHODWLYHO\ HDV\ WR FRPELQH ZLWK WKH
FDUHRIFKLOGUHQ
0DMRULW\RIWKHRUJDQLFIDUPHUVZHUHDJHG
RYHU  \HDUV ZKHUHDV  RI WKHP ZHUH
EHWZHHQ  DQG  \HDUV ROG 7DEOH  7KLV
REVHUYDWLRQ FRXOGEH UHODWHG WR WKH IDFW WKDW WKH
\RXWKPDLQO\VHHNZKLWHFROODU MREV LQ WKHXUEDQ
FHQWUHV OHDYLQJEHKLQG WKHHOGHUO\ WRHQJDJH LQ
IDUPLQJ6LPLODUO\ WKHUHWLUHGDQGHOGHUO\ WDNHXS




DQG VWUXFWXUH DQG LQWHOOHFWXDO VWLPXODWLRQ
FRQTXHU ERUHGRP DQG ZRUN HQYLURQPHQW
SURYLGHV PRUH VRFLDO LQWHUDFWLRQ WKDQ VWD\LQJ DW
KRPH  7KH HOGHUO\SUDFWLVH VPDOOKROGHU IDUPLQJ
DVDOLYHOLKRRGVWUDWHJ\LQDQHIIRUWWRVXSSOHPHQW
WKHLU SHQVLRQV DFFRUGLQJ WKH ILQGLQJV RI )$2
>@ $FFRUGLQJ WR VXUYH\V LQ WKH 86 E\
.LUNSDWULFN >@ RI WKRVH UHVSRQGHQWV ZKR
SODQQHGWRUHWLUHDPDMRULW\RIWKHPLQ,RZD
DQGLQ:LVFRQVLQGLGQRWSODQWRPRYHIURP
WKHLU FXUUHQW KRPH 7KH UHWLULQJ JHQHUDWLRQ
FRQVLGHU WKHLUDELOLW\ WR WUXO\ UHOLQTXLVKFRQWURORI
WKH IDUP LI WKH\ DUH OLYLQJ LQ WKH IDUPKRXVH
ZDWFKLQJ WKH GDLO\ DFWLYLWLHV DQG MXGJLQJ WKH
VXFFHVVRUV¶ GHFLVLRQV 7KH GHVLUH WR UHPDLQ LQ
WKHIDPLO\KRPHLVQDWXUDODQGWKLVQDWXUDOGHVLUH
PXVWEHEDODQFHGZLWKWKHQHHGVRIWKHEXVLQHVV
WR QRW RQO\ FRQWLQXH EXW WR WKULYH IRU WKH QH[W
JHQHUDWLRQ
$ VLJQLILFDQW QXPEHU  RI IDUPHUV KDG D
VHFRQGDU\ OHYHO HGXFDWLRQ DQG KLJKHU ZKHUHDV
REWDLQHGSULPDU\ HGXFDWLRQ 7DEOH 7KLV
LPSOLHV WKDW IDUPLQJ LV DSSHDOLQJ WR WKH HOLWH LQ
WKH VRFLHW\DVDQDOWHUQDWLYH WRZKLWH FROODU MREV
DQG D PHDQV RI VXSSOHPHQWLQJ LQFRPH IURP
RWKHU VRXUFHV 7KLV JRHV WR VWUHVV WKH IDFW WKDW
RUJDQLF EDVHG IDUPLQJ LV EHLQJ HPEUDFHG E\
SHRSOHZKRFDQFRPSUHKHQG WKHVLJQLILFDQFHRI
WKLV SDUWLFXODU PHWKRG RI IDUPLQJ $ PDMRULW\
 RI WKH IDUPHUV PRVWO\ RI UHWLUHG FLYLO
VHUYDQWV JHQHUDWHG WKHLU LQFRPH VROHO\ IURP
IDUPLQJEXVLQHVVHVZKLOHZHUH LQ IXOO
WLPHHPSOR\PHQWZKLOHSUDFWLFLQJIDUPLQJLQWKHLU
RIIZRUN KRXUV 7DEOH  7KHVH ILQGLQJV VKRZ
WKDW IDUPLQJ FDQ RQ LWV RZQ DFW DV D VWHDG\
VRXUFH RI LQFRPH 6FLDODEED >@ IRXQG WKDW
GHYHORSLQJ FRXQWULHV¶ IDUPHUV HDVLO\ DGRSW
RUJDQLF WHFKQLTXHV EHFDXVH WKH\ DUH FORVH WR
WKHLU WUDGLWLRQV DQG FXOWXUH 7KH JURZWK LQ WKH
QXPEHU RI 1*2V LQ DJULFXOWXUDO GHYHORSPHQW
SDUWLFXODUO\ RUJDQLF DJULFXOWXUH HIIRUWV KDV
SURFHHGHGWRDQHVSHFLDOO\LPSUHVVLYHGHJUHHLQ
.HQ\D1DWLRQDODQGORFDO1*2VGRPLQDWHQHDUO\
DOO DVSHFWV RI RUJDQLF DJULFXOWXUH SURPRWLRQ
WUDLQLQJ UHVHDUFK H[WHQVLRQ DQG PDUNHWLQJ
DFFRUGLQJ WR 6KUXP >@ $ QXPEHU RI
UHVHDUFKHUV )DUULQJWRQ HW DO >@:HOODUG DQG
&RSHVWDNH>@DQG6KUXP>@UHSRUWHGWKDWIRU
WKH SDVW WZR GHFDGHV LQGLJHQRXV 1*2V KDYH
EHHQ SURPRWLQJ HQYLURQPHQWDOO\ HFRQRPLFDOO\
DQG VRFLDOO\ VXVWDLQDEOH DJULFXOWXUDO DOWHUQDWLYHV
WR KLJK H[WHUQDO LQSXW *UHHQ 5HYROXWLRQ*5
DJULFXOWXUH WR WKH UXUDO SRRU WKURXJKRXW $IULFD
$VLD DQG /DWLQ $PHULFD 1DWLRQDO DQG ORFDO
1*2V KDYH SOD\HG D VLJQLILFDQW UROH LQ RUJDQLF
1GXNKXHWDO%-$67$UWLFOHQR%-$67

DJULFXOWXUH SURPRWLRQ WUDLQLQJ UHVHDUFK DQG
RXWUHDFKVLQFHWKHV
(GXFDWLRQDOPHVVDJHVWRSURPRWHRUJDQLFIRRGV
QHHG WR FRQVLGHU SV\FKRJUDSKLFV LQFOXGLQJ
SHUVRQDO YDOXHV 6XFK PHVVDJHV FRXOG EH
WDLORUHG WRDSSHDO WRSHRSOHSDUWLFXODUO\ZRPHQ
ZLWK VWURQJ HQYLURQPHQWDO YDOXHV $V 6FKZDUW]
DQG ,QEDUǦ6DEDQ >@ IRXQG RXW RQHPHWKRG RI
DOWHULQJ SHRSOH
V EHKDYLRXU YLD WKHLU EHOLHIV DQG
YDOXHV LV YDOXHV VHOIǦFRQIURQWDWLRQ 7KLV
WHFKQLTXHDLPVWRPRGLI\EHKDYLRXUE\FKDQJLQJ
WKH SULRULW\ RI WKH YDOXHV WKDW OLH EHQHDWK WKH
EHKDYLRXU ,W KDV EHHQ XVHG VXFFHVVIXOO\ WR
LQFUHDVH ZHLJKW ORVV >@ GHFUHDVH VPRNLQJ
UDWHV >@ HQKDQFH SURǦHQYLURQPHQW EHKDYLRXU
>@ DQG DOWHUV EHOLHIV DERXW PHDW IUXLW DQG
YHJHWDEOHV >@ 3DUWLFLSDQWV LQ WKH ODWWHU VWXG\
DOWHUHG WKHLU EHOLHIV DQG LQFUHDVHG WKHLU
FRQVXPSWLRQ RI IUXLWV DQG YHJHWDEOHV ZKHQ
FRQIURQWHG ZLWK WKH UHVXOWV RI D SUHYLRXV VWXG\
WKDWVXJJHVWHGWKDWKLHUDUFK\DQGGRPLQDQFHDUH
SRVLWLYHO\ DVVRFLDWHG ZLWK PHDW EXW QHJDWLYHO\
DVVRFLDWHG ZLWK IUXLW DQG YHJHWDEOHV >@ ,W LV
WKHUHIRUH SRVVLEOH WKDW WKLV HGXFDWLRQDO WRRO
YDOXHVVHOIǦFRQIURQWDWLRQFRXOGEHXVHGWRDOWHU
EHOLHIV DERXW RUJDQLF IRRGV DQG FRQVXPSWLRQ RI





0RVW RI WKH IDUPHUV VXUYH\HG SURGXFHG NDOHV
 IROORZHG E\ VSLQDFK  WRPDWRHV
DQGPDL]H)LJ
7KLVVWXG\VKRZVWKDWNDOHZDVWKHPRVWSRSXODU
YHJHWDEOH SURGXFHGEHFDXVHRI KLJKGHPDQG LQ
WKH XUEDQ DQG SHULXUEDQ DUHDV RI ZKLFK WKH
VWXG\ DUHD DUH QHLJKERXULQJ 7KLV FRUURERUDWHV
ZLWKD VWXG\ LQ.LDPEX&RXQW\ E\6DODV\D >@
ZKLFK DOVR IRXQG NDOH DV D SRSXODU JUHHQ
YHJHWDEOH FRQVXPHG LQ PRVW KRXVHKROGV LQ
XUEDQ DQG SHULXUEDQ LQ .HQ\D 7KLV ZDV
DWWULEXWHGWRLWEHLQJDPDMRUVRXUFHRIFDVKDQG
KDYLQJ KLJKHVW UHWXUQV WR YDULDEOH LQSXWV DPRQJ
RWKHUFURSV0RVHHWDO>@DOVRUHSRUWHGWKDWLQ
.HQ\D NDOH YHJHWDEOH LV SRSXODU LQ PDQ\
VPDOOKROGHUKRXVHKROGVEHFDXVH LW LV FRQVXPHG
WRJHWKHUZLWKPDL]H WKH VWDSOH IRRG IRUPDMRULW\
RI WKH FLWL]HQV LQ ERWK XUEDQ DQG SHULXUEDQ
DUHDV$FFRUGLQJWR1JLJLHWDO>@DQG7RUTXDWL
HWDO>@LQFRQWUDVWWRXUEDQDJULFXOWXUHZKLFK
LV WR EH IRXQGZLWKLQ D WRZQ FLW\ RUPHWURSROLV
WKH SODFHV IRU SHULXUEDQ DJULFXOWXUH DUH RQ WKH
IULQJHRIDPHWURSROLVDFLW\RUDWRZQ7KHSHUL
XUEDQ DUHD KDV DOVR EHHQ GHVFULEHG DV D
EOHQGHG DUHD ZLWK XUEDQ DQG UXUDO ODQGVFDSH
LQWHUHVWV FRPSHWLQJ ZLWK HDFK RWKHU 7KH SHUL
XUEDQ DUHD LV WKH LQWHUIDFH EHWZHHQ WKH KLJKO\
FRPSOH[XUEDQ DUHDDQG WKHPRUHXQLIRUP UXUDO
ODQGVFDSH DUHD PDLQO\ EXLOW RQ DQ DJULFXOWXUDO
HFRQRP\ ZLWK VLPLODU ODQG XVH DQG FRPPXQLW\
YDOXHV DFFRUGLQJ WR 0DFNHQ]LH HW DO >@ 7KH
LQFUHDVLQJ XUEDQ SRSXODWLRQV DUH WKXV WXUQLQJ
LQWR SHULXUEDQ SRSXODWLRQVDQGQHHGPRUH IRRG
DQG KRXVLQJ ,Q IDFW XUEDQ DQG SHULXUEDQ
DJULFXOWXUH SURGXFHV WKH PDMRULW\ RI WKH
SHULVKDEOHJRRGVHJYHJHWDEOHV IUXLWVIORZHUV
HWF FRQVXPHG DQG XVHG E\ WKH XUEDQ
SRSXODWLRQ 7KXV OLYHOLKRRG RSSRUWXQLWLHV IRU
XUEDQ DQG SHULXUEDQ IDUPHUV DUH JHQHUDWHG
>@ )XUWKHUPRUH SHULXUEDQ IDUPLQJ
FRQWULEXWHV WR WKH JURZLQJ SURFHVVLQJ DQG
GLVWULEXWLRQ RI D GLYHUVLW\ RI IRRG DQG QRQIRRG
SURGXFWV 3HULXUEDQ DJULFXOWXUH UHXVHV ODUJHO\
KXPDQ PDWHULDO UHVRXUFHV DQG SURGXFWV DQG
SURYLGHVSURGXFWVIRULQSXWVXSSOLHUVWUDGHUVDQG
RWKHU VHUYLFH SURYLGHUV WKHUHE\ DGGLQJ YDOXH LQ
WKH VXSSO\ FKDLQ DV UHSRUWHG E\ ,:0, >@ DQG
6FRWWHWDO>@0DL]HDSUHGRPLQDQWIRRGFURS
LQ WKHFRXQWU\ LV SURGXFHGE\ OHVV WKDQRI
WKH LQWHUYLHZHG IDUPHUV 'XIOR HW DO >@
DWWULEXWHG WKLV WR WKH IDFW WKDW PRVW RI WKH
UHVSRQGHQWV ZHUH VPDOO KROGHU IDUPHUV
RZQLQJ OHVV WKDQ KDOI DQ DFUH RI ODQG WR
HFRQRPLFDOO\ SURGXFH WKH FURS 7KXV WKH\
HQJDJHG LQ SURGXFWLRQ RI KLJK YDOXH FURSV
YHJHWDEOHVWRWDNHDGYDQWDJHRIWKHEDOORRQLQJ
FLW\SRSXODWLRQ
0DUNHWDEOH 4XDOLW\ $WWULEXWHV 6RXJKW
E\9HJHWDEOH&RQVXPHUV
1HDUO\  RI WKH IDUPHUV UHSRUWHG WKDW
FRQVXPHUVPRVWO\ORRNIRUFOHDQDQGIUHHRISHVW
DQG GLVHDVH VLJQV RYHU  PHQWLRQHG VL]H
 FRORXU ZKLOH  FLWHG WH[WXUH DV
PDUNHWDEOHTXDOLW\DWWULEXWHVWKDWDUHVRXJKW LQD
SURGXFHYHJHWDEOH EHIRUH EX\LQJ LW )LJ 
&RQVXPHUV FRQVLGHU DEVHQFH RI SHVW DQG
GLVHDVHDWWDFNVDQGSK\VLFDOGDPDJHDVWKHEHVW
VLJQ WKDW WKH SURGXFH LV RI KLJK TXDOLW\ 7KH
GHPDQG IRU ELJJHU FOHDQHU NDOH FRXOG EH
EHFDXVH FRQVXPHUV UHJDUG WKHP DV D GLUHFW
UHIOHFWLRQ RQ WKH IDUPLQJ SUDFWLFHV DQG WKXV
KHDOWKDQGVDIHW\RIWKHSURGXFH7KRXJKVL]HLV
PRVWO\ D FKDUDFWHULVWLF RI WKH VSHFLILF NDOH





,Q WKHLU SURGXFWLRQ WKHUHIRUH WKH IDUPHUV SDLG
NHHQDWWHQWLRQ WRSURGXFHGLVHDVHDQGSHVW IUHH
SURGXFWV 7KLV ZDV DWWULEXWHG WR SUDFWLFLQJ
RUJDQLF EDVHG WHFKQLTXHV VXFK DV SODQWLQJ
FHUWLILHG VHHGV HDUO\ SODQWLQJ XVH RI ELR
SHVWLFLGHV DQG DOVR LQFRUSRUDWLRQ RI SHVW
UHSHOOHQW FURSV LQ WKH FURSSLQJ V\VWHPV :HOO
GUDLQHG ORDP\ VRLOV UHODWLYHO\ KLJK LQ RUJDQLF
PDWWHUDUHVXLWDEOH3KHODQHWDO>@VXJJHVWHG
WKDWUHGXFHGVXVFHSWLELOLW\WRSHVWVDQGGLVHDVHV
LQ RUJDQLF IDUPLQJ PD\ EH D UHIOHFWLRQ RI
GLIIHUHQFHV LQ SODQW KHDOWK DV PHGLDWHG E\ VRLO
IHUWLOLW\PDQDJHPHQW7KHVHILQGLQJVFRUURERUDWH
WKRVH RI2NHOOR DQG6ZLQWRQ >@ ZKR UHSRUWHG
WKDW WKH GHPDQG IRU SURGXFH ZLWK VSHFLILF
SK\VLFDO DWWULEXWHV VXFK DV FRORXU VKDSH VL]H
DQGVSRWOHVVQHVVE\FRQVXPHUVKDVHQFRXUDJHG
IDUPHUVWRSURGXFHZLWKWKHVHDWWULEXWHVLQPLQG
&RQVXPHU FRQFHUQV DERXW WKH VDIHW\ RI
YHJHWDEOHVVXFKDVNDOHDULVH IURPWKH LQFUHDVH
LQ IRRGERUQH LOOQHVVHV WKXV UDLVLQJ WKHQHHG WR
DGGUHVVIRRGVDIHW\
$FFRUGLQJ WR 6FLDODEED >@ PDQ\ 1*2V KDYH
DFWLYHO\ SURPRWHG RUJDQLF DJULFXOWXUH LQ ,QGLD
*URZLQJHQYLURQPHQWDOFRQVFLRXVQHVVDQGIHDUV
RI KHDOWK KD]DUGV RI FRQYHQWLRQDO IRRG KDV
VSDZQHGGRPHVWLFFRQVXPSWLRQRIRUJDQLF IRRG
6LPLODUO\ H[SDQVLRQ RI GRPHVWLF PDUNHWV LV
OHDGLQJ WR WKH VXUJH RI RUJDQLF SURGXFHUV
DWWUDFWHG E\ SUHPLXP SULFHV )LQGLQJV IURP
DQDO\VHV RI WKH DJURHFRQRPLF SHUIRUPDQFH RI
RUJDQLF IDUPLQJ WHFKQLTXHV FRPSDUHG WR WKHLU
FRQYHQWLRQDO HTXLYDOHQWV VXJJHVW WKDW RUJDQLF
DJULFXOWXUH PD\ EH D YLDEOH DQG VXVWDLQDEOH
RSWLRQ IRU .HQ\DQ VPDOOKROGHUV HVSHFLDOO\ LQ
DUHDV RI ORZ RU PHGLXP DJULFXOWXUDO SRWHQWLDO
DFFRUGLQJWRGHU:HUIHWDO>@'LRSHWDO>@
DQG 2QGXUX HW DO >@ .HQ\D ,QVWLWXWH RI
2UJDQLF )DUPLQJ .,2) DQG (7&1HWKHUODQGV
UHVHDUFKHUVHPSOR\LQJPDWFKHGSDLUVRIRUJDQLF
DQG FRQYHQWLRQDO IDUPV IRXQG WKDW WKH XVH RI
FRPSRVWGRXEOHGXJEHGVDQGOLTXLGPDQXUHIRU
PDL]H SURGXFWLRQ LQ PHGLXPSRWHQWLDO DUHDV
RXWSHUIRUPHG FRQYHQWLRQDO SUDFWLFHV LQ WHUPV RI
PDL]H JUDLQ \LHOGV QHZ FDVK EHQHILWV UHWXUQ WR




KDV JDLQHG LQ SRSXODULW\ LQ UHFHQW \HDUV DV D
UHVXOW RI ERWK DQ LQFUHDVH LQ FRQVXPHU GHPDQG
IRU RUJDQLFDOO\ JURZQ SURGXFH DQG D JHQXLQH
GHVLUHRQWKHSDUWRIPDQ\JURZHUVWRVXVWDLQRU
LPSURYHWKHVRLO2EHUKROW]HUHWDO>@DVVHUWHG
WKDW RUJDQLF SURGXFH JHQHUDOO\ FRPPDQGV D
KLJKHU SULFH WKDQ FRQYHQWLRQDO RQH SURPSWLQJ
SURGXFHUV WR JURZ FURSV RUJDQLFDOO\ 7KH







E\ KLJK SXEOLF GHPDQG GULYHQ LQ ODUJH SDUW E\
HQKDQFHG FRQVXPHU DZDUHQHVV RI WKH GLHWDU\





 &KDOOHQJHV DQG &RQVWUDLQWV RI
2UJDQLF9HJHWDEOH3URGXFWLRQ
7KH ELJJHVW FKDOOHQJH IDUPHUV IDFHG LQ
SURGXFWLRQ RI NDOH DQG RWKHU NH\ YHJHWDEOHV
ZDV XQSUHGLFWDEOH UDLQV  IROORZHG E\
LQDGHTXDWHNQRZOHGJHRQ LQSXWDSSOLFDWLRQ UDWHV
 ODFN RI LUULJDWLRQ HTXLSPHQW 
LQDFFHVVLELOLW\ WRSURSHUVRLO WHVWLQJDQGDQDO\VLV
IDFLOLWLHV  DQG  FURS SHVW DQG
GLVHDVHV )LJ  &KDQJHV DQG YDULDELOLW\ LQ
FOLPDWHLQWHUPVRIUDLQIDOODQGWHPSHUDWXUHDIIHFW
FURS SURGXFWLYLW\ DV ZHOO DV SHVW DQG GLVHDVH
SUHYDOHQFH DQG LQFLGHQFHV /DFN RI NQRZOHGJH
RQ LUULJDWLRQDQGVRLO IHUWLOLW\VWDWXVPD\UHVXOW LQ
SRRU FURS SURGXFWLRQ 7KH FKDOOHQJHV RI UDLQIDOO
GHOD\V DQG RFFDVLRQDO HUUDWLF WKXQGHUVWRUPV
FDXVH GDPDJH WR FURSV DQG WKLV LV UHIOHFWHG LQ
ORVVHV WR WKH IDUPHUV DQG IRRG LQVHFXULW\ LQ WKH
FRXQWU\ DW ODUJH 7KHVH UHVXOWV FRUURERUDWHV
WKRVH RI D VWXG\ FRQGXFWHG E\ )RHNHQ DQG
2ZXRU >@ ZKR VKRZHG WKDW IDUPHUV IDFHG
YDULRXV FRQVWUDLQWV VXFK DV LUUHJXODU UDLQIDOO
GURXJKWIORRGLQJZDWHUORJJLQJSRRUVRLOVSHVWV
DQG GLVHDVH DQG GHVWUXFWLRQ RI FURSV E\
DQLPDOV ,3&& >@ QRWHG WKDW FKDOOHQJHV RI
YHJHWDEOH SURGXFWLRQ LQFOXGH SRSXODWLRQ
SUHVVXUH SUREOHPV DVVRFLDWHG ZLWK ODQG XVH
VXFKDVHURVLRQVLOWDWLRQDQGSRVVLEOHHFRORJLFDO
FRQVHTXHQFHV RI ODQG XVH FKDQJH RQ WKH
K\GURORJLFDO F\FOH 6LPLODUO\ %DWLRQR HW DO >@





IDUPLQJ VHFWRU ZDV XQGHUWDNHQ E\ %HWW DQG
)UH\HU >@DQGVXPPDUL]HG WKHPDLQFKDOOHQJHV
DQG RSSRUWXQLWLHV LQ WKH VHFWRU DV SROLF\ EDVHG
7KLV LVEHFDXVH WKHJRYHUQPHQW WKRXJKKDVSXW
LQ SODFH SROLFLHV DQG OHJLVODWLRQ WKDW SURWHFW
IDUPHUVLQJHQHUDOQRH[WHQVLRQRIVXFKSROLFLHV
H[LVWHG IRURUJDQLFEDVHGIDUPHUV7KLVJURXSRI
IDUPHUV LV FRYHUHG LQ WKH EURDG JURXSLQJ RI WKH




LQ .HQ\D DUH IDFHG E\ GLIILFXOWLHV LQ JDLQLQJ
DFFHVV WR IRUPDO FUHGLW VLQFH WKH\ GR QRW KDYH
WKH UHTXLVLWH FROODWHUDO WR REWDLQ FUHGLW DQG DOVR
GXH WR WKH IDFW WKDW WKH ILQDQFLDO LQVWLWXWLRQV GR
QRW UHFRJQL]H WKH GLIIHUHQFHV EHWZHHQ RUJDQLF
EDVHGDQGFRQYHQWLRQDODJULFXOWXUH
,Q 1LJHULD YHJHWDEOH IDUPHUV¶ \LHOGV DUH EHORZ
JOREDO \LHOGV 7KHVH ORZ \LHOGV DFFRUGLQJ WR
$EGXOUDKPDQ DQG <DKD\D >@ DUH GXH WR D
GHFOLQH LQ WKH XQLW RXWSXW IURP WKH YDULRXV
DJULFXOWXUDO LQSXWV VXFK DV FDSLWDO ODQG ODERXU
DQGPDQDJHPHQW2WKHUFRQVWUDLQWVDFFRUGLQJWR
WKHP LQFOXGH VRLO IHUWLOLW\ GHFOLQH VRLO ERUQH
GLVHDVHV DQG SHVWV LQDGHTXDWH SODQWLQJ
PDWHULDOV KLJK FRVW RI ODERXU ODERXU LQWHQVLYH
RSHUDWLRQV DQG PDUNHWLQJ RI WKH SURGXFW
$EGXOUDKPDQ DQG <DKD\D >@ LQ WKHLU VWXG\
UHYHDOHGWKDWYHJHWDEOHSURGXFWLRQLVFRQVWUDLQHG
E\ KLJK FRVW RI ODERXU DQG ODERXU LQWHQVLYH
RSHUDWLRQV 8QUHOLDEOH ZHDWKHU SDWWHUQV DQG
OLPLWHG NQRZOHGJHRQ DSSURSULDWH LQSXWV DUH WKH
PDMRU FKDOOHQJHV IDFLQJ VPDOOKROGHU RUJDQLF
IDUPHUV
&RSLQJ 6WUDWHJLHV $GRSWHG E\
)DUPHUV LQ 5HVSRQVH WR WKH
&KDOOHQJHV RI 2UJDQLF 9HJHWDEOH
3URGXFWLRQ
0RVW IDUPHUV  UHSRUWHG XVH RI PDQXUHV
PXOFKHV DQG DVKHV  DV D FRSLQJ VWUDWHJ\
WR FKDOOHQJHV RI FURS SURGXFWLRQ IROORZHG E\
1GXNKXHWDO%-$67$UWLFOHQR%-$67

EODQNHW UHFRPPHQGDWLRQV  LUULJDWLRQ
 PDVV DSSOLFDWLRQ RI LQSXWV  DQG
ODWHSODQWLQJ7DEOH
$GRSWLRQ RI RUJDQLF EDVHG VRLO IHUWLOLW\
PDQDJHPHQWVWUDWHJLHVVXFKXVXVHRIPDQXUHV
PXOFKHVDQGDVKHVLVDJRRGVWUDWHJ\E\IDUPHUV
LQ UHVSRQVH WR WKH FKDOOHQJHV RI RUJDQLF
YHJHWDEOHSURGXFWLRQ6LPLODUO\)$2>@UHSRUWHG
WKDW FKDQJHV LQ FURS SODQWLQJ VFKHGXOHV
PDQDJHPHQW SUDFWLFHV DQG YDULHWLHV XVHG DV
ZHOODVWKHGLYHUVLILFDWLRQRIFURSVSODQWHGDUHDOO
ORZFRVW RSWLRQV IRU UHGXFLQJ DJULFXOWXUDO ULVN
ZKLFK FRXOG EH ZLGHO\ SURPRWHG WKURXJK
H[WHQVLRQ VHUYLFHV DQG FRPPXQLFDWLRQ
FDPSDLJQV&DUHIXOVFUHHQLQJRIWKHVHVWUDWHJLHV
DQG SDUWLFLSDWRU\ DFWLRQRULHQWHG UHVHDUFK ZLWK
IDUPHUV ZLOO EH QHHGHG WR MRLQWO\ LGHQWLI\ DQG
LPSOHPHQW DGDSWDWLRQ RSWLRQV WKDW DUH IHDVLEOH
DQGHIIHFWLYHDQGWRHQVXUHWKDWWKHVHVWUDWHJLHV
GRQRWKDYHDQ\QHJDWLYHRUXQH[SHFWHGLPSDFWV
RQ IDUPHU OLYHOLKRRGVDFFRUGLQJ WR)$2 >@ DQG
+RZGHQ HW DO >@ /RZFRVW RSSRUWXQLW\ IRU
SROLF\PDNHUVDQGGRQRUVWRLQYHVWLQVPDOOVFDOH




>@ DQG :RUOG %DQN >@ UHFRPPHQGHG WKDW
JRYHUQPHQWV DQG RUJDQL]DWLRQV ZRUNLQJ LQ
YHJHWDEOH SURGXFWLRQ DUHDV VKRXOG VHHN WR
IXUWKHU SURPRWH VXFK VPDOOVFDOH LQIUDVWUXFWXUH




$ERYH  RI WKH IDUPHUV PHQWLRQHG
GHIRUHVWDWLRQ DQG SRRU DJULFXOWXUDO SUDFWLFHV
3$3V VXFK DVPRQRFURSSLQJ EXUQLQJ RI FURS
UHVLGXHV DQG H[FHVVLYH DSSOLFDWLRQ RI V\QWKHWLF
DJURFKHPLFDOV ZKLOH RYHU  UHSRUWHG
HPLVVLRQRIJUHHQKRXVHJDVHV*+*VDVPDMRU
FDXVHV RI &&9 )LJ  )DFWRUV WKDW FDXVH
FOLPDWH FKDQJH FDQ EH GLYLGHG LQWR WZR
FDWHJRULHV  WKRVH UHODWHG WR QDWXUDO SURFHVVHV
DQGWKRVHUHODWHG WRKXPDQDFWLYLW\7KH(DUWK¶V
FOLPDWH FDQ EH DIIHFWHG E\ QDWXUDO IDFWRUV WKDW
DUH H[WHUQDO WR WKH FOLPDWH V\VWHP VXFK DV
FKDQJHVLQYROFDQLFDFWLYLW\VRODURXWSXWDQGWKH
(DUWK
V RUELW DURXQG WKH 6XQ +XPDQ DFWLYLWLHV
VXFK DV WKH EXUQLQJ RI IRVVLO IXHOV DQG WKH
FRQYHUVLRQ RI ODQG IRU IRUHVWU\ DQG DJULFXOWXUH
DOVRFDXVHFOLPDWHFKDQJH$FFRUGLQJWRDUHSRUW
E\1$6>@VLQFHWKHEHJLQQLQJRIWKH,QGXVWULDO
5HYROXWLRQ KXPDQ LQIOXHQFHV RQ WKH FOLPDWH
V\VWHPKDYH LQFUHDVHGVXEVWDQWLDOO\6LPLODUO\D
UHSRUW E\ ,3&& >@ VWDWHG WKDW WKH GRPLQDQW
SURGXFW RI IRVVLO IXHO FRPEXVWLRQ LV FDUERQ
GLR[LGHDJUHHQKRXVHJDV
7KH RYHUDOO HIIHFW RI KXPDQ DFWLYLWLHV VLQFH WKH
,QGXVWULDO5HYROXWLRQKDVEHHQDZDUPLQJHIIHFW
GULYHQ SULPDULO\ E\ HPLVVLRQV RI FDUERQ GLR[LGH
DQGHQKDQFHGE\HPLVVLRQVRIRWKHUJUHHQKRXVH
JDVHV 7KHUH LV D VFLHQWLILF FRQVHQVXV WKDW
FRQFHQWUDWLRQV RI JUHHQKRXVH JDVHV LQ WKH
DWPRVSKHUH DUH LQFUHDVLQJ DQG WKDW WKLV LV
FDXVLQJJOREDOFOLPDWHFKDQJHDFFRUGLQJWR,3&&
>@ DQG 1$6 >@ +XPDQGULYHQ HPLVVLRQV RI
FDUERQGLR[LGHDQGRWKHUJUHHQKRXVHJDVHVDV
ZHOO DV ODQGXVH FKDQJH DUH WKH SURFHVVHV
SULPDULO\ UHVSRQVLEOH IRU WKH LQFUHDVH 6RORPRQ
>@ XUJHG WKDWZDWHU YDSRXU +2 DQGFDUERQ
GLR[LGH &2DUH WKH WZR ODUJHVWFRQWULEXWRUV WR
WKH JUHHQKRXVH HIIHFW 0HWKDQH &+ QLWURXV
R[LGH 12 FKORURIOXRURFDUERQV &)&V DQG
RWKHUJUHHQKRXVHJDVHVDUHSUHVHQWRQO\LQWUDFH






















ORQJ UHVLGHQFH WLPH LQ WKH DWPRVSKHUH
$FFRUGLQJ WR6RORPRQ >@ WKH FRQFHQWUDWLRQ RI
&2LQWKHDWPRVSKHUHLQZDVSDUWVSHU
PLOOLRQ SSP FRPSDUHG ZLWK WKH SUHLQGXVWULDO
YDOXH RI  SSP DQG LV ULVLQJ DW  SSP SHU
\HDU  DYHUDJH 7KH LQFUHDVH LQ
FRQFHQWUDWLRQ RI JUHHQKRXVH JDVHV LQ WKH




DEVRUEHG DQG WUDSSHG LQVLGH WKH HDUWK
V
DWPRVSKHUH SURGXFLQJ JOREDO ZDUPLQJ:LWKRXW
PLWLJDWLRQPHDVXUHVWKHFRQFHQWUDWLRQRI&2LQ






















 SSP DQG XS WR  SSP E\  >@
ZKLFK LV H[SHFWHG WR LQFUHDVH DYHUDJH JOREDO
WHPSHUDWXUH E\  WR & 0RVW VFLHQWLVWV DJUHH
WKDW JOREDO ZDUPLQJ FDXVHG E\ DQWKURSRJHQLF
JUHHQKRXVH JDV HPLVVLRQV LV RQH RI WKH PRVW
VHULRXVHQYLURQPHQWDOSUREOHPVIDFLQJWKHZRUOG
WRGD\ ZLWK IDUUHDFKLQJ FRQVHTXHQFHV IRU DOO
VHFWRUVRIVRFLHW\7RDYHUWFDWDVWURSKLFLPSDFWLW
LV JHQHUDOO\ DJUHHG WKDW DWPRVSKHULF &2
FRQFHQWUDWLRQVKRXOGEHFRQVWUDLQHGWRSSP
ZKLFK LV EHOLHYHG ZLOO OLPLW WKH WHPSHUDWXUH
LQFUHDVHWR&
7HFKQLTXHVRI:HDWKHU)RUHFDVWLQJ
0RUH WKDQ  RI WKH IDUPHUV ZHUH IDPLOLDU
ZLWK WKH VFLHQWLILF WHFKQLTXHV RI ZHDWKHU
IRUHFDVWLQJ DV SUHVHQWHG E\ PHWHRURORJLVWV
ZKLFK WKH\ XVH WR LQIRUP WKHLU IDUP
PDQDJHPHQW GHFLVLRQV ZKHUHDV RQO\  RI
WKHP UHSRUWHG XVH RI WUDGLWLRQDO PHWKRGV RI
ZHDWKHU IRUHFDVWLQJ VXFK DV REVHUYDWLRQ
RI WKH VN\ IRU HLWKHU FORXGV RU VWDUV DQG
PRYHPHQWRIDQWVELUGVVKDGLQJRI WUHH OHDYHV
WR KHUDOG RQVHW RI UDLQV )LJ  6FLHQWLILF
WHFKQLTXHVRIZHDWKHU IRUHFDVWLQJDUH UHOLDEOH LQ
WKHVH WLPHV RI FOLPDWLF FKDQJHV KHQFH PRUH
IDUPHUV DGRSW WKHP DV RSSRVHG WR UXGLPHQWDU\
WUDGLWLRQDORQHV
7KH UHDVRQ IRU PRUH DQG PRUH UHOLDQFH RQ WKH
VFLHQWLILF ZHDWKHU IRUHFDVWLQJ WHFKQLTXHV FRXOG
EHGXHWRHQYLURQPHQWDOGHJUDGDWLRQ LQGXFHGE\
WKH FXUUHQW &&9 ZKLFK KDV PDGH QRQURXWLQH
DQGFRPSOH[WKHVSHFLILFEHKDYLRXUDODVSHFWVRI
WKHSODQWVDQGDQLPDOVWKDWZHUHUHOLHGXSRQ IRU
ZHDWKHU IRUHFDVWLQJ6LPLODUO\/XVHQR >@ IRXQG
WKDW WKH DSSOLFDWLRQ RI WUDGLWLRQDO PHDQV RI
ZHDWKHU IRUHFDVWLQJ ZDV RQ WKH GHFOLQH +H
DWWULEXWHGWKHGHFOLQH LQXVHRI WKHVHWHFKQLTXHV
WRWKHIDFWWKDWLWKDVEHFRPHLQFUHDVLQJO\GLIILFXOW
IRU SHRSOH WR DQWLFLSDWH ZHDWKHU SDWWHUQV D
VLWXDWLRQ VRPH OLQNHG WR &&9 &RQVHTXHQWO\
FUHGLELOLW\ RI WKHVH PHWKRGV LV VXVSHFW DV WKH\
DUH VXEMHFW WR VHDVRQDO DQGRU \HDUO\ YDULDWLRQ
$FFRUGLQJ WR'XQQ >@ DFWLYLWLHV RI DUWKURSRGV
VXFK DV IOHDV FRFNURDFKHV KRXVHIOLHV VSLGHUV
DQGPDQ\RWKHUVDUHLQGLFDWLRQVIRUWKHDUULYDORI
WKH VXPPHU VHDVRQ LQ -DSDQ (YHQ WKH ORFDO
QDPHVRI LQYHUWHEUDWHVDUHILJXUDWLYHO\ LQGLFDWLYH
RI D SDUWLFXODU VHDVRQ 7KHVH DUWKURSRGV KDYH
EHHQ QRWLFHG E\ IDUPHUV WR EH DEXQGDQW GXULQJ
WKHVXPPHUVHDVRQ)DUPHUVIRUH[DPSOHVWDWHG
WKDW FRFNURDFKHV GLVDSSHDU GXULQJ ZLQWHU
VHDVRQ .LKXSL HW DO >@ DOVR REVHUYHG WKDW
WUDGLWLRQDO FOLPDWH SUHGLFWLRQ DQG FRQWHPSRUDU\
VHDVRQDO SUHGLFWLRQV ZHUH ERWK XVHIXO DQG
GHSHQGDEOH E\ UHVRXUFH SRRU DV ZHOO DV
FRPPHUFLDO IDUPHUV 7KLV V\VWHP RI LQGLJHQRXV
NQRZOHGJHOHDGVIDUPHUVWRSDUWLFLSDWHDVDJHQWV
DV ZHOO DV FRQVXPHUV LQ SURJUDPV WKDW XVH
PRGHUQFOLPDWHVFLHQFHWRSODQIRUDQGDGDSW WR
FOLPDWH YDULDELOLW\ DQG FOLPDWH FKDQJH DV
UHSRUWHG E\ 2UORYH HW DO >@ $FFRUGLQJ WR
=LHUYRJHO >@SURYLVLRQDQGSURSHUXWLOL]DWLRQRI
VFLHQFHEDVHG DJURPHWHRURORJLFDO NQRZOHGJH
FRXOG JXLGH IDUP OHYHO GHFLVLRQV RQ FURS
VXLWDELOLW\ FXOWLYDU VHOHFWLRQ FKRLFH RI FURSSLQJ
V\VWHPV SODQWLQJ GDWHV DV ZHOO DV SODQWLQJ
GHQVLWLHV
7KH (IIHFWV RI &OLPDWH &KDQJH DQG
9DULDELOLW\IURP)DUPHUV3HUVSHFWLYHV
5HGXFHG FURS \LHOGV DQGRU FURS IDLOXUH ZHUH
UHSRUWHG E\  RI WKH LQWHUYLHZHG IDUPHUV DV
WKHPRVWSURIRXQGLPSDFWVRIFOLPDWHFKDQJHDQG




IDUP SURGXFWLRQ DIIHFWLQJ LQFRPHV DQG IRRG
VHFXULW\ $V WKH FOLPDWH FRQWLQXHV WR FKDQJH
WKHUHZLOOEHLQFUHDVHGGLVWXUEDQFHWKURXJKPRUH
IUHTXHQW H[WUHPH ZHDWKHU HYHQWV LQFOXGLQJ
VHYHUH VWRUPV GURXJKW WRUQDGRHV KXUULFDQHV
DQG LFH VWRUPV ,QGLUHFW HIIHFWV PD\ DPSOLI\
WKHVH FKDQJHV ZLWK FRQGLWLRQV WKDW IDYRXU ILUH
LQVHFW DQG SDWKRJHQ RXWEUHDNV DQG LQYDVLYH
VSHFLHV
7KLVH[DFHUEDWHVKXQJHUDQGSRYHUW\FRQWUDU\WR
WKH DVSLUDWLRQV RI WKH0'*VRI KDOYLQJ H[WUHPH
KXQJHU DQG SRYHUW\ E\  >@ 7KHVH
REVHUYDWLRQV LPSO\ WKDW WKH PRUH GHSHQGHQW D
SHUVRQ LV RQ DJULFXOWXUH DV D VRXUFH RI LQFRPH
WKH JUHDWHU WKH VHQVLWLYLW\ WR FOLPDWH UHODWHG
FKDQJHV 7KLV REVHUYDWLRQ LV DOVR LQ DJUHHPHQW
ZLWK*URWKPDQQDQG3DWW>@ZKRQRWHGWKDWWKH
PRUH RQH LV OLNHO\ WR EH DIIHFWHG E\ D JLYHQ
IDFWRU WKH KLJKHU WKH DWWHQWLRQ JLYHQ WR LW 7KH
KLJK UDWLQJ RI FOLPDWH FKDQJH E\ IDUPHUV ZKR
GHSHQGHG RQ IDUPLQJ VROHO\ DV WKHLU VRXUFH RI
LQFRPH LV WKHUHIRUH DWWULEXWDEOH WR WKH IDFW WKDW
DQ\ IDFWRU LQ WKLV FDVH FOLPDWH FKDQJH WKDW
ORZHUV FURS SURGXFWLRQ SRVHV D WKUHDW WR WKHLU
OLYHOLKRRGKHQFHFRQVLGHUHGDVHULRXVULVNZKLFK
LV DOVR LQFRQIRUPLW\ WKH ILQGLQJV RI *UHQ]HEDFN
DQG/XNPDQQ>@
3DXFKDUGHWDO>@DOVRIRXQGWKDWGLVWXUEDQFHV
VXFK DV ILUH LQVHFW RXWEUHDNV GLVHDVH
GURXJKW LQYDVLYH VSHFLHV DQG VWRUPV
DUH SDUW RI WKH HFRORJLFDO KLVWRU\ RIPRVW IRUHVW
1GXNKXHWDO%-$67$UWLFOHQR%-$67

HFRV\VWHPV LQIOXHQFLQJ YHJHWDWLRQ DJH DQG
VWUXFWXUH SODQW VSHFLHV FRPSRVLWLRQ
SURGXFWLYLW\ FDUERQ & VWRUDJH ZDWHU FURS
\LHOGV QXWULHQW UHWHQWLRQ DQG ZLOGOLIH KDELWDW
&OLPDWH LQIOXHQFHV WKH WLPLQJ IUHTXHQF\ DQG
PDJQLWXGHRIGLVWXUEDQFHVDFFRUGLQJ WR'DOHHW
DO >@ &OLPDWH FKDQJH ZLOO DOWHU WKH DELRWLF
FRQGLWLRQV XQGHU ZKLFK SODQW VSHFLHV FDQ
HVWDEOLVK VXUYLYH UHSURGXFH DQG VSUHDG
DFFRUGLQJWR$OSHUWHWDO>@.H\HQYLURQPHQWDO
FRQVHTXHQFHV RI FOLPDWH FKDQJH DUH LQFUHDVHG
WHPSHUDWXUHORQJHUJURZLQJVHDVRQVOHVVVQRZ
DQG PRUH IUHTXHQW GURXJKW $FFRUGLQJ WR $OOHQ
DQG%UHVKHDUV>@WKHVHHIIHFWVDUHH[SHFWHGWR
LQFUHDVH SODQW VWUHVV DQG GHFUHDVH VXUYLYDO LQ
WKHGULHUZDUPHUDQGORZHUHOHYDWLRQSRUWLRQVRI
VSHFLHV¶ UDQJHV:LWK FOLPDWH FKDQJH KRZHYHU
QHZKDELWDW RQFH WRRFROGRUZHWPD\EHFRPH
DYDLODEOHHQDEOLQJSODQWVWRVXUYLYHRXWVLGHWKHLU
KLVWRULFDO UDQJHV DQG H[SDQG EH\RQG WKHLU
FXUUHQW UDQJHV 2¶*RUPDQ DQG 6FKQHLGHU DQG
>@ 7UHQEHUWK HW DO >@ DUH DOVR LQ DJUHHPHQW
WKDWEDVHGRQDQDO\VLVRIUHFHQWFOLPDWHUHFRUGV
DQG WKH SURMHFWLRQV RI FOLPDWH FKDQJH
VLPXODWLRQVK\GURFOLPDWHH[WUHPHVZLOOEHFRPH
PRUH SURPLQHQW ZLWK D ZDUPLQJ FOLPDWH ZLWK
SRWHQWLDO LQFUHDVHV LQ IORRG IUHTXHQF\ GURXJKWV
DQG ORZ IORZ FRQGLWLRQV VDWXUDWLRQ HYHQWV
ODQGVOLGHRFFXUUHQFHDQGHURVLRQ
7KH &KDOOHQJHV RI &OLPDWH &KDQJH
DQG9DULDELOLW\
$ERXWRIWKHLQWHUYLHZHGIDUPHUVKDGKHDUG
RI DQG H[SHULHQFHG WKH LPSDFWV RI FOLPDWH
FKDQJH WKH FRPPRQ DVSHFWV EHLQJ HUUDWLF DQG
RIWHQ LQDGHTXDWH UDLQIDOO  DQG UDLVLQJ DLU
WHPSHUDWXUHV ZKHUHDV RYHU RI WKHP
H[SHULHQFHG FOLPDWH YDULDELOLW\ WKURXJK GURXJKWV
)LJ
0RVWRIWKHVHIDUPHUVUHFDOOWKHYDULDWLRQVLQWKH
DPRXQWV DQG GLVWULEXWLRQV RI UDLQV DQG GDLO\
WHPSHUDWXUHUDQJHVRIWKHSDVWLQFRPSDULVRQWR
WKH FXUUHQW SHULRG 0RVW RI WKHP IHOW WKDW WKLV
FKDQJHVWDUWHGWREHHYLGHQWPRUHWKDQZDVWZR
GHFDGHVDJR$VDUHVXOWRIFOLPDWHFKDQJHDIWHU
HYHU\  \HDUV  SRLQWHG RXW WKDW DLU
WHPSHUDWXUHVKDGLQFUHDVHGDQGWKHVWDUWRIUDLQV
KDGEHFRPHXQSUHGLFWDEOH OHDYLQJRI WKH
IDUPHUV JXHVVLQJ RQ WKH ULJKW WLPH WR SODQW LQ
0EHHUH 0RXQW .HQ\D UHJLRQ 7KLV IDFW LV DOVR
UHLQIRUFHG E\ :LOOLDPV DQG )XQN >@ DQG










SHUFHSWLRQV RI HQYLURQPHQWDO ULVNV VXJJHVW WKDW
SHRSOHSHUFHLYHOLWWOHSHUVRQDOFRQWURORYHUJOREDO




LQFUHDVLQJ E\  WR  ZLWK D FRUUHVSRQGLQJ
LQFUHDVH LQ OHQJWK RI JURZLQJ VHDVRQ LQ PDQ\
SDUWV:LOOLDPV DQG)XQN >@ LQ DQ DQDO\VLV RI
(DVW $IULFDQ UDLQIDOO GDWD VXJJHVW D GHFOLQH LQ
WKHORQJUDLQVZKLFKWKH\DWWULEXWHWRWHPSHUDWXUH
LQFUHDVHV LQ WKH ,QGLDQ 2FHDQ 5HVHDUFKHUV
KDYH KRZHYHU ZDUQHG WKDW VKRXOG FOLPDWH
FKDQJH H[DFHUEDWH FXUUHQW FRQGLWLRQV IRRG
SURGXFWLRQ LQ$IULFDFRXOGGHFOLQHDQG WKHUDQJH
RILQIHFWLRXVGLVHDVHVFRXOGVSUHDGDFFRUGLQJWR
%XWW HW DO >@ ,Q RWKHU ZRUGV WKH LPSDFWV RI
DQWKURSRJHQLF FOLPDWH FKDQJH RQ $IULFD DW
SUHVHQW DQG LQ WKH IXWXUH DUH YHU\ PXFK
XQFHUWDLQ
 2UJDQLF )DUPHUV¶ $GDSWDWLRQ
6WUDWHJLHV WR &OLPDWH &KDQJH DQG
9DULDELOLW\
*RRG DJULFXOWXUDO SUDFWLFHV FRPSULVLQJ DJUR
IRUHVWU\ PXOFKLQJ RUJDQLF LQSXWV GURXJKW
WROHUDQWFURSV OHJXPH LQWHUFURSVDQGUDLQZDWHU
KDUYHVWLQJ DV UHSRUWHG E\ DERXW  RI WKH
IDUPHUVZHUH WKH SULQFLSDO DGDSWDWLRQ VWUDWHJLHV
ZLWK RYHU  UHSRUWLQJ DIIRUHVWDWLRQ )LJ 
7KURXJK IDUP SODQQLQJ DQG WUDLQLQJ RQ FOLPDWH
FKDQJH DQG YDULDELOLW\ IDUPHUV ZLOO HIIHFWLYHO\
FRSH ZLWK WKH HIIHFWV RI FOLPDWH FKDQJH DQG
YDULDELOLW\  7KHVH ILQGLQJV DUH LQ OLQH ZLWK
.DORNL¶V  ZKR GHGXFHG WKDW DOPRVW DOO
IDUPHUV LQWHUYLHZHGKDGDGRSWHGDQHZ
WHFKQRORJ\ LQ WKH ODVW  \HDUV 7KLV ZDV
LPSRUWDQWEHFDXVHQHZLQWHUYHQWLRQV LQ WKHDUHD
PHDQW DGRSWLRQ UDWHVZHUH KLJK VR ORQJ DV WKH
WHFKQRORJLHVDUHDSSURSULDWH7KHPRVWLPSRUWDQW
DGDSWDWLRQWHFKQLTXHZDVHDUO\SODQWLQJIROORZHG
E\ SODQWLQJ GURXJKW WROHUDQW FURSV DQG
PRQRFURSSLQJ %\ SODQWLQJ D VROH FURS LQWHU
VSHFLILF FRPSHWLWLRQ IRU ZDWHU LV OLPLWHG KHQFH
FURSV FRXOG SHUIRUP EHWWHU 8VH RI PDQXUH WR
SURYLGH KLJK SODQW YLJRXU LQ WKH LQLWLDO VWDJHV RI
JURZWK ZDV DOVR LGHQWLILHG DV DQ LPSRUWDQW
SUDFWLFH DORQJVLGH SODQWLQJ HDUO\ PDWXULQJ
FURSV >@)DUPHUVKDYH ORQJEHHQ XVLQJSODQW
DQG DQLPDO PDQXUHV EXW JXLGDQFH RQ




















DQG FURS URWDWLRQ DUH RWKHU WUDGLWLRQDO SUDFWLFHV
ZKHUH VFLHQFH FDQ VXSSRUW WKH WUDGLWLRQDO
SURFHVV RI WULDO DQG HUURU 7R FRSH ZLWK WKHVH
FKDOOHQJHV WKHUH LV DQ XUJHQW QHHG WR LPSURYH




























SUDFWLFHV IRU SODQWLQJ KDUYHVWLQJ DQG FURS
VWRUDJH WR IDFLOLWDWH WKH DGRSWLRQ RI QHZ
PDQDJHPHQWSUDFWLFHVDQGWRHQFRXUDJHIDUPHU
WRIDUPHU OHDUQLQJ 0DGLVRQ>@ FRQFXUUHG WKDW
VWUHQJWKHQLQJ H[WHQVLRQ VHUYLFHV KDV EHHQ
VKRZQ WR EH SDUWLFXODUO\ HIIHFWLYH DW FRQYLQFLQJ
IDUPHUVWRFKDQJHIDUPLQJSUDFWLFHVLQUHVSRQVH
WR FOLPDWH FKDQJH6DYLQJVDQG ORDQVJURXSV LQ
ZKLFK PHPEHUV SRRO UHVRXUFHV DQG OHQG WR
PHPEHUV LQ QHHG DUH DOVR D ORZFRVW VROXWLRQ
WKDWFRXOGKHOSWRUHGXFHWKHZRUVWLPSDFWVRIWKH
H[WUHPH ZHDWKHU HYHQWV ZKLOH FUHDWLQJ ORFDO
IXQGV WKDW IDUPHUV FDQ WDS LQWR IRU RWKHU
GHYHORSPHQWDFWLYLWLHVDFFRUGLQJ WR WKH ILQGLQJV
E\ +HOWEHUJ HW DO >@ DQG %KDWWDPLVKUD DQG
%DUUHWW>@
&21&/86,21
,W FDQEHFRQFOXGHG WKDW IDUPHUVZHUHDZDUHRI
WKHFKDOOHQJHVFDXVHVDQGHIIHFWVRIFOLPDWHWKDW
DQG KDYH HPEUDFHG DGDSWDWLRQ VWUDWHJLHV WR
PLWLJDWH WKHVH LPSDFWV ,Q WKH VDPH WRNHQ
IDUPHUV NQRZ WKH FKDOOHQJHV WKH\ LQ YHJHWDEOH
SURGXFWLRQ DQG KDYH DGRSWHG FRSLQJPHDVXUHV
7KHUHIRUH E\ DYDLOLQJ NQRZOHGJH RI WKH
FKDOOHQJHV FDXVHV DQG HIIHFWVLPSDFWV RI
FOLPDWH FKDQJH DQG YDULDELOLW\ WR YHJHWDEOH
SURGXFWLRQDQGWKHH[LVWLQJFRSLQJVWUDWHJLHVWKDW
IDUPHUV XVH WKLV VWXG\ SURYLGHV FULWLFDO
LQIRUPDWLRQ IRU GHYHORSPHQW RUJDQL]DWLRQV DQG
GRQRUV IRFXVHG RQ IRRG VHFXULW\ DQG SRYHUW\
DOOHYLDWLRQ DV ZHOO DV IRU SROLF\PDNHUV ZRUNLQJ
RQ WKH GHVLJQ RI ERWK QDWLRQDO DQG LQWHUQDWLRQDO
VWUDWHJLHV IRU FOLPDWH FKDQJH DGDSWDWLRQ
DJULFXOWXUDOSURGXFWLYLW\DQGKXQJHUDQGSRYHUW\
DOOHYLDWLRQ /RZFRVWDQG ORFDO DSSURDFKHV VXFK
DV UHYLWDOL]LQJ IDUPHU H[WHQVLRQ VHUYLFHV
LPSOHPHQWLQJ VPDOOVFDOH ORFDO LQIUDVWUXFWXUH
SURMHFWV ZLWK IDUPHUV VWUHQJWKHQLQJ LQIRUPDO
VDIHW\ QHWV DQG VDIHJXDUGLQJ QDWXUDO
HFRV\VWHPV FRXOG JR D ORQJ ZD\ WRZDUGV
EHJLQQLQJ WR DGGUHVV WKLV FULWLFDO FKDOOHQJH DQG
LPSURYLQJ WKH OLYHOLKRRGV RI VPDOOKROGHU
IDUPHUVDFURVVWKHFRXQWU\7KHVXUYH\VRXJKWWR
DVVHVV WKH FDXVHV RI ORZ YHJHWDEOH SURGXFWLRQ
E\ ORRNLQJ DW WKH FKDOOHQJHV IDFHG E\ RUJDQLF
EDVHG VPDOOKROGHU IDUPHUV DQG WKH SRWHQWLDO
FRSLQJ VWUDWHJLHV HPSOR\HG DQG WKHLU
H[SHULHQFHV DQG SHUFHSWLRQV RI FOLPDWH FKDQJH
DQGYDULDELOLW\
&203(7,1*,17(5(676
$XWKRUV KDYH GHFODUHG WKDW QR FRPSHWLQJ
LQWHUHVWVH[LVW
5()(5(1&(6




DJULFXOWXUH 6WDWLVWLFV DQG (PHUJLQJ
7UHQGV,)2$0%RQQ
 :DODJD&+DXVHU0$FKLHYLQJKRXVHKROG
IRRG VHFXULW\ WKURXJK RUJDQLF DJULFXOWXUH"




(DVW &HQWUH:HVW DQG 6RXWK (XURSH
GXULQJ WKH /DVW  <HDUV +LVWRU\ RI
0HWHRURORJ\
 81'3 +XPDQ 'HYHORSPHQW 5HSRUW




 ,3&& &OLPDWH FKDQJH ,PSDFWV DGDSWLRQ
DQG YXOQHUDELOLW\ 6XPPDU\ IRU SROLF\
PDNHUV ,3&& WK DVVHVVPHQW UHSRUW
,QWHUQDWLRQDO 3DQHO RQ &OLPDWH &KDQJH
&DPEULGJH 8QLYHUVLW\ 3UHVV &DPEULGJH
8.
 6XUL 7 8QGHUVWDQGLQJ IDUPOHYHO
WHFKQRORJ\DGRSWLRQ/HVVRQVOHDUQHGIURP
&LPP\W





%-$ 7KH H[SORUDWRU\ VRLO PDS DQG DJUR
FOLPDWH ]RQH PDS RI .HQ\D  VFDOH
 1DLUREL ([SORUDWRU\ 6RLO
6XUYH\ 5HSRUW ( .HQ\D 6RLO 6XUYH\

 )$2 &OLPDWHVPDUW DJULFXOWXUH 3ROLFLHV
SUDFWLFHV DQG ILQDQFLQJ IRU IRRG VHFXULW\
DGDSWDWLRQ DQG PLWLJDWLRQ 5RPH ,WDO\
)RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ RI WKH
8QLWHG1DWLRQV
 *UROLQN )HDVLELOLW\ VWXG\ IRU WKH
HVWDEOLVKPHQW RI FHUWLILFDWLRQ ERGLHV IRU
RUJDQLF DJULFXOWXUH LQ (DVWHUQ DQG
6RXWKHUQ $IULFD 5HSRUW FRPPLVVLRQHG E\
6LGD,1(&+|MH
 .1%6 .HQ\D SRSXODWLRQ DQG KRXVLQJ
FHQVXV SRSXODWLRQ GLVWULEXWLRQ E\ VH[
QXPEHU RI KRXVHKROGV DUHD GHQVLW\ DQG
FRXQW\1DLUREL
 6366 6WDWLVWLFDO SDFNDJH IRU WKH VRFLDO




 )RHNHQ ' 2ZXRU 62 8UEDQ IDUPHUV LQ
1DNXUX .HQ\D /HLGHQ1DLUREL $IULFDQ
6WXGLHV &HQWUH &HQWUH IRU 8UEDQ
5HVHDUFK $6& :RUNLQJ 3DSHU 

 7D\ORU$2YHUYLHZRI WKH FXUUHQW VWDWH RI
RUJDQLF DJULFXOWXUH LQ .HQ\D 8JDQGD DQG
WKH 8QLWHG 5HSXEOLF RI 7DQ]DQLD DQG WKH
RSSRUWXQLWLHV IRU UHJLRQDO KDUPRQL]DWLRQ
81
 &KDYDV -3 3RVQHU -/ +HGWFNH -/
2UJDQLF DQG FRQYHQWLRQDO SURGXFWLRQ
V\VWHPV LQ WKH :LVFRQVLQ ,QWHJUDWHG
&URSSLQJ 6\VWHPV 7ULDO ,, (FRQRPLF DQG
ULVN DQDO\VLV   $JURQRP\
-RXUQDO
 'DUQKRIHU,/LQGHQWKDO7%DUWHO.UDWRFKYLO
5 =ROOLWVFK : &RQYHQWLRQDOLVDWLRQ RI
RUJDQLF IDUPLQJ SUDFWLFHV )URP VWUXFWXUDO




 6FLDODEED 1 )DFWRUV LQIOXHQFLQJ RUJDQLF
DJULFXOWXUH SROLFLHV ZLWK D IRFXV RQ
GHYHORSLQJ FRXQWULHV )2$0 
6FLHQWLILF &RQIHUHQFH %DVHO 6ZLW]HUODQG

 0DNRED -: 1RQJRYHUQPHQWDO
RUJDQL]DWLRQV 1*2V DQG 7KLUG :RUOG
GHYHORSPHQW $Q DOWHUQDWLYH DSSURDFK WR
GHYHORSPHQW -RXUQDO RI 7KLUG :RUOG
6WXGLHV±
 6DLWR .$ 0HNRQQHQ + 6SXUOLQJ '
5DLVLQJ WKHSURGXFWLYLW\RIZRPHQ IDUPHUV
LQ 6XE6DKDUDQ $IULFD :RUOG %DQN
3XEOLFDWLRQV
 =HOLQVNL(-+RZ WR UHWLUHKDSS\ZLOGDQG
IUHH5HWLUHPHQWZLVGRPWKDW\RXZRQ¶WJHW
IURP\RXUILQDQFLDODGYLVRU(GPRQWRQ$%
&DQDGD 9LVLRQV ,QWHUQDWLRQDO 3XEOLVKLQJ

 )$2 $VVHVVPHQW RI WKH :RUOG )RRG
6HFXULW\ 6LWXDWLRQ &)6  5RPH
,WDO\
 .LUNSDWULFN - )DUP VXFFHVVLRQ UHVHDUFK
WUHQGV DQG SURJUDPV LQ:LVFRQVLQ 3DSHU
SUHVHQWHG WR WKH )DUP DQG 5LVN
0DQDJHPHQW (GXFDWLRQ &RQIHUHQFH
5HQR$=0
 6KUXP : 6FLHQFH DQG VWRU\ LQ
GHYHORSPHQW 7KH HPHUJHQFH RI QRQ
JRYHUQPHQWDO RUJDQL]DWLRQV LQ DJULFXOWXUDO
UHVHDUFK 6RFLDO 6WXGLHV RI 6FLHQFH
±
 )DUULQJWRQ - %HEELQJWRQ $ :HOODUG .




 :HOODUG . &RSHVWDNH -* 1RQ
JRYHUQPHQWDO2UJDQL]DWLRQVDQG WKH6WDWH
LQ $IULFD 5HWKLQNLQJ 5ROHV LQ 6XVWDLQDEOH
$JULFXOWXUDO 'HYHORSPHQW /RQGRQ 8.

 6FKZDUW] 6+ ,QEDUǦ6DEDQ 1 9DOXH
VHOIǦFRQIURQWDWLRQ DV D PHWKRG WR DLG LQ
ZHLJKW ORVV -RXUQDO RI 3HUVRQDOLW\ DQG
6RFLDO3V\FKRORJ\Ǧ
 &RQUR\ :- +XPDQ YDOXHV VPRNLQJ
EHKDYLRXU DQG SXEOLF KHDOWK SURJUDPV ,Q
5RNHDFK0 (G8QGHUVWDQGLQJ+XPDQ
9DOXHV ,QGLYLGXDO DQG 6RFLHWDO )UHH
3UHVV1HZ<RUN1<Ǧ
 %DOOǦ5RNHDFK 6- 5RNHDFK0 *UXEH -:
7KH JUHDW $PHULFDQ YDOXHV WHVW
,QIOXHQFLQJ EHKDYLRXU DQG EHOLHI WKURXJK
WHOHYLVLRQ )UHH 3UHVV 1HZ <RUN 1<

 $OOHQ 0: %DLQHV 6 0DQLSXODWLQJ WKH
V\PEROLF PHDQLQJ RI PHDW WR HQFRXUDJH
JUHDWHU DFFHSWDQFH RI IUXLWV DQG
YHJHWDEOHV DQG OHVV SURFOLYLW\ IRU UHG DQG
ZKLWHPHDW$SSHWLWHǦ
 *UXEH -:0D\WRQ '0 %DOOǦ5RNHDFK6-
,QGXFLQJ FKDQJH LQ YDOXHV DWWLWXGHV DQG
EHKDYLRXUV %HOLHI V\VWHP WKHRU\ DQG WKH
PHWKRGRIYDOXHVHOIǦFRQIURQWDWLRQ-RXUQDO
RI6RFLDO,VVXHVǦ
 6DODV\D %'6 &URS SURGXFWLRQ DQG VRLO
QXWULHQW PDQDJHPHQW $Q HFRQRPLF
DQDO\VLV RI KRXVHKROGV LQ ZHVWHUQ DQG








WHFKQRORJ\ GHYHORSPHQW IRU VRLO
PDQDJHPHQW E\ VPDOO KROGHUV LQ .HQ\D
3URFHHGLQJV RI WKH QG 6FLHQWLILF
&RQIHUHQFH RI WKH 6RLO 0DQDJHPHQW DQG
/HJXPH 5HVHDUFK 1HWZRUN 3URMHFWV
.$5,1DLUREL.HQ\D
 1JLJL 0: 2NHOOR -- /DJHUNYLVW &/
.DUDQMD 1. 0EXUX - 8UEDQ FRQVXPHUV¶
ZLOOLQJQHVV WR SD\ IRU TXDOLW\ RI OHDI\
YHJHWDEOHV DORQJ WKH YDOXH FKDLQ 7KH
FDVH RI QDLUREL NDOH FRQVXPHUV .HQ\D
,QWHUQDWLRQDO -RXUQDO RI %XVLQHVV DQG





) 7KH HIIHFWV RI FDS UHIRUP RQ WKH SHUL
XUEDQ DJULFXOWXUDO DUHD LQ WKH SODLQ RI WKH
FLW\ RI $VVLVL &HQWUDO ,WDO\ ,Q WK
($$(6HPLQDU7KH&$3DIWHUWKH)LVFKOHU
UHIRUP QDWLRQDO LPSOHPHQWDWLRQV LPSDFW
DVVHVVPHQW DQG WKH DJHQGD IRU IXWXUH
UHIRUPV 9LWHUER ,WDO\ ($$( 8QLYHUVLWLD
GHJOL 6WXGL GHOOD 7XVFLD ,1($ (XURSH
'LUHFW/D]LR
 0DFNHQ]LH - :KHODQ - 2OLYHU 3
5HFRQQHFWLQJ IUDJPHQWHG ODQGVFDSHV  $
VFRSLQJ VWXG\ RQ QDWXUDO UHVRXUFH DQG
HQYLURQPHQWDO PDQDJHPHQW LQ WKH SHUL
XUEDQODQGVFDSHVRI6RXWK
 ,:05HF\FOLQJ UHDOLWLHV0DQDJLQJ KHDOWK
ULVNV WR PDNH ZDVWHZDWHU DQ DVVHW ,Q
:DWHUSROLF\EULHILQJ&RORPER6UL/DQND
,:0,
 6FRWW &$ )DUXTXL 1, 5DVFKLG6DOO\ /
:DVWHZDWHU XVH LQ LUULJDWHG DJULFXOWXUH




DUH UDWHV RI UHWXUQ WR IHUWLOL]HU" (YLGHQFH
IURPILHOGH[SHULPHQWV LQ.HQ\D$PHULFDQ
(FRQRPLF5HYLHZ
 3KHODQ 3/ 0DVRQ -) 6WLQQHU %5 6RLO
IHUWLOLW\ PDQDJHPHQW DQG KRVW SUHIHUHQFH
E\ (XURSHDQ FRUQ ERUHU2VWULQLD QXELODOLV
RQ=HDPD\V / $ FRPSDULVRQRI RUJDQLF
DQG FRQYHQWLRQDO FKHPLFDO IDUPLQJ
$JULFXOWXUH(FRV\VWHPVDQG(QYLURQPHQW

 2NHOOR -- 6ZLQWRQ 60 )URP FLUFOH RI
SRLVRQWRFLUFOHRIYLUWXH3HVWLFLGHVH[SRUW
VWDQGDUGV DQG .HQ\D¶V JUHHQ EHDQ
LQGXVWU\ -RXUQDO RI $JULFXOWXUDO
(FRQRPLFV
 'HU :HUI (9 .DULXNL - 2QGXUX ''
0HWKRGRORJLFDO LVVXHV LQ FRPSDUDWLYH
DJURHFRQRPLF RQIDUP UHVHDUFK




 'LRS - YDQ GHU :HUI ( 2QGXUX ''
.DULXNL - 2QIDUP DJURHFRQRPLF
FRPSDULVRQ RI RUJDQLF DQG FRQYHQWLRQDO
WHFKQLTXHV LQ KLJK DQG PHGLXP SRWHQWLDO
DUHDVRI.HQ\D/HXVGHQ1HWKHUODQGVDQG
1DLUREL .HQ\D (7& 1HWKHUODQGV DQG
.HQ\D,QVWLWXWHRI2UJDQLF)DUPLQJ.,2)

 2QGXUX '' GH -DJHU $ *DFKLQL * 7KH
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